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Phenomenological theory of the anomalous normal-state transport properties of iron pnictides
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We employ the phenomenological theory of the quasiparticle relaxation based on the simplified two-band
description and the spin-fluctuation mediated interband coupling, to analyze recent normal-state transport data
in electron-doped iron pnictides, in particular the Ba(Fe1−xCox)2As2 family. The temperature and doping
dependence of the resistivity, thermopower and the Hall constant are evaluated. We show that their anomalous
behavior emerging from experiments can be consistently described within the same framework assuming also
“marginal”, i.e., non-Fermi-liquid-like spin fluctuations provided, however, that the interband coupling is quite
strong. We also show that a large thermopower as experimentally observed results from an asymmetric energy
dependent quasi particle relaxation rate and due to the semimetallic character of both bands.
PACS numbers: 71.27.+a, 75.20.–g, 74.72.–h
I. INTRODUCTION
The novel class of iron-based superconductors (SCs) (Refs.
1 and 2) reveals besides the high SC transition temperature
Tc also several normal-state properties which are inconsistent
with the usual Fermi-liquid (FL) description of metals. Re-
garding transport properties, magnetic ordering and spin fluc-
tuations as well as the presumable unconventional SC iron
pnictides (IPs) are quite close to SC cuprates. In the latter
class at least part of the anomalous behavior emerges from
the proximity to the Mott-Hubbard insulator3 and from strong
correlations, i.e. strong electron-electron Coulomb repulsion.
On the other hand, in IP correlations seem to be less severe so
the common point might be pronounced low-frequency spin
fluctuations and a strong coupling of charge carriers to such
collective modes.
The experimental evidence for the magnetic order and fluc-
tuations comes most directly from elastic and inelastic neu-
tron scattering (INS) showing the commensurate spin-density-
wave (SDW), i.e. the antiferromagnetic (AFM) long-range or-
der in the parent compounds.4 Recent INS results also confirm
strong and anomalous AFM normal-state spin fluctuations5 as
well as the resonant magnetic mode6,7 analogous to the well
known phenomenon in SC cuprates. That spin fluctuations
do not obey normal FL behavior follows also from NMR-
relaxation results.8,9
The IPs show generally large normal-state d.c. electri-
cal resistivity ρ(T ). Its systematics has been first studied in
the family emerging from the parent (undoped) compound
LnFeAsO (LFAO) with a variety of lantanides Ln=Ce - Dy
where the electron doping has been achieved either by doping
with F, e.g., in LnFeAsO1−xFx (LFAO)10–12 or via the oxy-
gen deficiency LnFeAsO1−y.13 Generally ρ(T ) is very high
comparable to underdoped cuprates.14 The behavior changes
from a SDW semimetal x, y < 0.05 over to the interme-
diate regime x, y ∼ 0.1 with a nearly linear law ρ ∝ T ,
into the overdoped regime with more FL-like ρ ∝ T 2 be-
havior for y > 0.2. It is not yet evident to what extent
very large ρ(T ) are due to polycrystalline character or mea-
sured samples since only recently single-crystal data become
available.15 On the other hand, similar behavior appears in re-
cently studied single-crystal class of electron-doped (so called
122) family AE(Fe1−xTMx)2As2 where various alkali ele-
mentsAE=Ba, Sr, and Ca and transition metals (TM=Co,Cu)
are at present explored. In the following we will mostly con-
centrate on the Ba(Fe1−xCox)xAs2 (BaFeCoAs) compound
most investigated so far where x represents an effective elec-
tron doping. In this system the qualitative behavior of ρ(T ) is
similar to LFAO results although the values are substantially
smaller.16,17 At the same time, the thermopower S(T ) is far
from FL behavior S ∝ T , both in the LFAO (Refs. 10 and
11) and in BaFeCoAs.18 The values become comparable to
nondegenerate electrons, i.e., |S| ∼ s0 = kB/e0 = 86 µV/K
with the maximum typically at T ∼ 100 K, again resembling
underdoped cuprates.19 A similar message is emerging from
strongly T -dependent Hall constant RH(T ) in LFAO (Ref.
20) and in BaFeCoAs.16,17
Our aim is to extend the phenomenological analysis based
on the simplified two-band model coupled via spin fluctu-
ations as introduced previously21 and apply it for a semi-
quantitative description of the transport properties of the
electron-doped IPs, here focusing on the BaFeCoAs com-
pound. Starting with the evaluation of the anomalous T -
dependence of the quasiparticle (QP) damping rates, in par-
ticular in the electron band Γe(ω), we analyze within the
same framework the d.c. transport quantities ρ(T ), S(T ), and
RH(T ). To explain anomalous ρ(T ) it is essential to assume
quite strong coupling to non-FL-type spin fluctuations. On the
other hand large S(T ) can emerge only via a very asymmetric
Γe(ω) and due to the semimetal character (low effective Fermi
energies) of both bands. The previous approach21 is here up-
graded with an explicit evaluation of T -dependent Γe(ω) and
corresponding d.c. transport quantities without further simpli-
fications. Qualitatively one can follow the development from a
non-FL behavior to a more normal FL-type regime by chang-
ing the carrier concentration and the character of the input
spin fluctuations by introducing a crossover temperature T ∗
controlling the extent of non-FL vs. normal FL behavior thus
simulating the experimental findings in BaFeCoAs as well as
in the LFAO system.
In Sec. II we describe the phenomenological model as in-
troduced previously21 and give some justification based on a
2more complete microscopic model. Section III presents the
lowest order approximation for the QP damping Γ(ω) be-
ing the central ingredient for the understanding of the trans-
port properties where its temperature and energy dependence
are essentially controlled by the (phenomenological) ansatz
for the spin-fluctuations mediated interband coupling as noted
above. In Sec. IV basic equations for the d.c. transport quan-
tities are presented. Results in different regimes of relevant
parameters follow in Sec. V with a discussion of the approach
and results in Sec. VI.
II. TWO-BAND MODEL
For the present analysis we adopt a simplified 2D model
for IP (Ref. 21) taking into account only two bands, an elec-
tron (e) band and a hole (h) band, both crossing the Fermi
surface22–24 and coupled via spin fluctuations.21 In the folded
Brillouin zone22,25 the h-like and e-like pockets are at k ∼ 0,
and k ∼ Q = (π, π), respectively,
Hef = −
∑
k,s
(
ζekc
†
kscks + ζ
h
kd
†
ksdks
)
+
1√
N
∑
kq,ss′
mkqSq · σss′c†k−q,sdks′ +H.c.), (1)
and ck, dk, (ζe, ζh) refer to electrons in e-like and h-like
bands, respectively.
The following justification can be given for the above phe-
nomenological model. The realistic electronic model for 2D
IPs includes several (e.g., five) bands, emerging from d or-
bitals of Fe. The interaction term is very complicated in gen-
eral. Still the low-energy description (in the case of weak
or modest electron-electron interactions) should contain only
both bands at the Fermi surface (FS). So one of the relevant
interaction terms generating the interband coupling in Eq.(1)
can be written as26
H˜ =
∑
U˜c†ksd
†
k′s′dk′′s′ck′′′s. (2)
The origin of the above interaction resides within a more com-
plete multi-orbital model, the inter-orbital and intra-orbital
Hubbard interactions U and V , respectively, as well as in the
Hund’s coupling JH . The effective interaction, Eq.(2), could
be rewritten as the coupling to a fluctuating SDW field
Sq = U˜
∑
kss′
σss′c
†
ksdk+qs′ . (3)
The SDW fluctuation Sq should have in general, e.g., for the
relevant q ∼ Q a finite projection on the usual spin opera-
tor Sq (emerging from local moments), but this remains to
be shown by an explicit consideration within the full multi-
orbital model for IPs.
III. QUASIPARTICLE DAMPING
In the evaluation of the transport properties we follow the
approach introduced previously.21 We first consider the corre-
sponding Green’s functions for σ = e, h 〈σ¯ = (h, e)〉 elec-
trons Gσk(ω) = [ω
+ − ǫσk − Σσk(ω)]−1, where ǫσk = ζσk − µ.
The self-energiesΣσk(ω) are evaluated within the lowest-order
perturbation in the interband coupling, Eq.(1), induced by spin
fluctuations entering via dynamical spin susceptibility χq(ω),
Σσk(ω) = 3
∑
q
m2kq
∫ ∫
dω1dω2
π
g12
Aσ¯k−q(ω1)χ
′′
q(ω2)
ω − ω1 − ω2 ,
g12 ≡ g(ω1, ω2) = 1
2
[
th
βω1
2
+ cth
βω2
2
]
. (4)
To proceed we make several simplifications, which are ex-
pected to apply to IPs in the low-doping regime close to the
AFM (in the folded zone) instability, i.e., in the system with-
out long-range AFM order. The spin fluctuations χ′′q(ω) in the
normal phase are assumed to be centered at q ∼ Q = (π, π)
and broad enough in the q space relative to h/e pockets. This
is indeed well visible in recent INS results for the BaFeCoAs
system.5 Hence we replace χq(ω) ∼ χQ(ω) = χ˜(ω). Since
the relevant e/h bands form only small pocket-like FS we ne-
glect in the low ω regime also the k dependences of the self-
energies; i.e., we replace Σσk(ω) ∼ Σσ(ω) whereby k ∼ 0
and k ∼ Q are relevant for the h- and e-bands, respectively.
Hence, with the local character of the self energies the spectral
function Aσk(ω) = Aσ(ǫk, ω) can be expressed as
Aσ(ǫk, ω) = − 1
π
Im[Ωσ(ω)− ǫσk + iΓσ(ω)]−1, (5)
with Ωσ(ω) = ω − ReΣσ(ω) = ω/Zσ(ω) and Γσ(ω) =
−ImΣσ(ω). Note that Zσ(ω) and Γσ(ω) play the role of the
QP weight and the QP damping, respectively.
The above approximations simplify the expression for the
QP damping as it follows from Eq.(4),21
Γσ(ω) =
3
2
m¯2
∫
dω′g(ω − ω′, ω′)N σ¯(ω − ω′)χ˜′′(ω′), (6)
where the effective interband coupling is m¯ ∼ mQ,Q = m0,Q
and N σ(ω) = (2/N)∑Aσk(ω) are the e/h band single-
particle densities of states (DOS).
Within the present analysis spin fluctuations are taken as a
phenomenological input. In analogy with the anomalous QP
and transport properties of cuprates3 we assume that the origin
is in the non-FL character of χ′′q(ω) and a strong coupling of
carriers to the latter. Indeed, recent INS results in electron-
doped BaFeCoAs indicate a behavior very close to the one for
marginal FL.5 For generality we therefore assume further-on
the form
χ˜′′(ω) = πC(ω)th
ω
2(T + T ∗)
, (7)
where C(ω) is (for T ∗ = 0) the (symmetrized) dynamical
spin correlation function. While T ∗ = 0 yields the marginal
FL (Ref. 27) dynamical fluctuations, we can simulate with
T ∗ > 0 the transition to the normal FL regime for low T <
T ∗. For simplicity also a smooth cutoff on C(ω) = C0 is
imposed for ω > ω∗.
3IV. DC TRANSPORT QUANTITIES
dc electrical conductivity σ0 and the thermopower S can be
expressed via general transport coefficients. For the isotropic
transport in 2D and assuming separate contributions of both
bands, transport coefficients Lσ1n can be expressed within the
linear response theory in terms of spectral functions28 pro-
vided also that vertex corrections are neglected,
Lσ1n = −
2π
N
∑
k
(vασk )
2
∫
dωωn−1
df
dω
Aσk(ω), (8)
with the Fermi function f = 1/[exp(ω/T ) + 1] and vασk σ-
band velocities (α = x, y). Due to the k-independent Σσ(ω)
and Eq.(5) the actual expressions have the same form as used
within the dynamical-mean-field theory,29
Lσ1n = −π
∫ ∫
dωdǫφσ(ǫ)ωn−1
df
dω
[Aσ(ǫ, ω)]2,
φσ(ǫ) =
2
N
∑
k
(vασk )
2δ(ǫ − ǫk), (9)
With known Lσ1n one can express the final d.c. conductivity
σ0 = e
2
0L11 = e
2
0(L
e
11 + L
h
11), (10)
as well as the thermopower
S0 = −s0 L12
TL11
, (11)
where L12 = Le12 + Lh12 and s0 = kB/e0.
Within the same framework and approximations an anal-
ogous expression for the Hall conductivity has also been
derived30,31 and applied to nontrivial models32,33
σσxy = −σH0
∫ ∫
dωdǫφσH(ǫ)
df
dω
[Aσ(ǫ, ω)]3, (12)
where σH0 = 2π2e30B/3 and
φσH =
2
N
∑
k
(∂ǫσk
∂kx
)2 ∂2ǫσk
∂k2y
δ(ǫ − ǫσk). (13)
Again, within the two-band model σxy = σexy + σhxy and
RH =
σxy
Bσ20
. (14)
It should be, however, recognized that Eq.(12) obtained via
the linearization of the linear response in an external mag-
netic field B > 0 is less explored (as compared with trans-
port coefficients Eq.(8)) and only partly tested in situations
with nontrivial Γσ(ω) 6= Γσ0 , in particular in the presence of
correlations.34
Transport quantities depend only on the QP properties close
to the Fermi surface. Hence, we assume in the following cal-
culations the simplified form for the unperturbed e/h bands,
i.e. with 2D parabolic dispersions,
ǫek = ǫ
e
0 + tek
2, ǫhk = ǫ
h
0 − thk2, (15)
with (unrenormalized) effective masses mσ = 1/(2tσ) (with
lattice constant a0 = 1) and the unperturbed DOS N σ0 =
1/(2πtσ). Corresponding φσ, φσH functions follow from
Eqs.(9) and (13),
φσ(ǫ) = 2tσ|ǫ− ǫσ0 |N σ0 , φσH(ǫ) = ±2tσφσ(ǫ). (16)
On the other hand, the final DOS entering Eq.(6) involves the
effects of nontrivial Σσ(ω) and is evaluated as
N σ(ω) = − 2
πW σ
Im
∫
dǫ
Ω(ω)− ǫ+ iΓ(ω) =
2
πW σ
[
arctg
Ωσ − ǫσ0 +W σ
Γσ
− arctgΩ
σ − ǫσ0
Γσ
]
, (17)
where W σ = 4πtσ is the bandwidth within the parabolic ap-
proximation. In addition, we assume that the densities of elec-
trons within the e/h bands, i.e. ne = xe and nh = 1− xh, xh
being the density of holes, are fixed separately, so that at each
T > 0 the sum rule
nσ =
∫
dωf(ω)N σ(ω), (18)
should be satisfied leading in principle to a nontrivial shift of
ǫσ0 (T ) in Eq.(15) (with respect to the chemical potential).
V. RESULTS
The above equations fully determine the evaluation proce-
dure for Σσ(ω) at any T and consequently of transport quanti-
ties ρ0(T ), S(T ), RH(T ). The main input parameters are the
e/h concentrations xe, xh and the corresponding tσ . We note
that coupling to spin fluctuations has a meaningful dimension-
less coupling constant
g0 = m¯
2C0
√
N h
0
N e
0
. (19)
In addition, results depend also on the FL temperature T ∗ in
Eq.(7) and on the cutoff ω∗, the latter mainly influencing low-
ω behavior through the QP weight Z(ω).
In the following we consider the electron doped case xe >
xh, as relevant, e.g. for the electron-doped BaFeCoAs. Obvi-
ously, here the transport properties are dominated by the trans-
port within the e-type band, although at high T also hole pock-
ets contribute partially. On the other hand, we realize that in
such a case the treatment of minority (h) carriers is oversimpli-
fied, since even at modest g0 < 1 the hole QPs become heav-
ily renormalized Zh(ω) ≪ 1 influencing also N h(ω). The
latter could be an artifact of the lowest order approximation
for the QP damping, Eq.(6). To avoid rather unphysical prop-
erties of hole QP, we introduce for the latter a simplification
Γh(ω) = Γho . Note that Γh influences results only indirectly,
i.e. entering the dominant e-band damping Γe(ω) via N h(ω).
At the same time, the hole contribution to d.c. transport quan-
tities remains subleading provided that Γh0 > Γe(ω ∼ 0), in
particular at low T .
Our aim is to show that the presented phenomenological
theory can consistently as well as semi-quantitatively account
4for the anomalous non-FL normal-state transport properties of
(electron-doped) IPs, in particular for the large and T -linear
ρ(T ), large thermopower S(T ) reaching quasiclassical values
|S| ∼ s0, and T -dependentRH(T ). Evidently, in the absence
of a better understood microscopic model and relevant input
parameters as the effective spin fluctuations, all varying be-
tween materials and different doping levels, we here mainly
consider various possibilities and regimes which emerge from
our analysis.
While displaying different regimes we fix some parameters.
In the following we choose (unrenormalized) band parame-
ters te = 0.4 eV and th = 0.3 eV and spin-fluctuation cutoff
ω∗ = 0.5 eV. Actual levels of carrier concentrationsxe, xh are
not directly known in particular materials, since the doping x,
e.g., with Co in BaFeTMAs, generally gives only partial in-
formation on x = xe − xh. To explain the anomalous prop-
erties it is, however, essential that xh is low leading to a very
asymmetric damping Γe(ω) and consequently to large values
of S(T ). On the other hand, a disappearance of xh → 0 re-
duces strongly the scattering within the e-band and the trans-
port is expected to become more FL-like.
Evidently, the crucial parameter is the coupling strength g0.
It most directly influences the resistivity ρ(T ), and in partic-
ular its derivative dρ(T )/dT . To account quantitatively for
T ∼ 300 K experimental results for BaFeCoAs, we require
modest g0 ∼ O(1) as discussed further on. On the other hand,
much larger resistivities within the LFAO family indicate sub-
stantially larger g0 ≫ 1, as analyzed previously.21 It should
be noted that due to constant Γh0 and xh iterations of Eq. (4)
are not needed but still µ should for each T separately be de-
termined to keep xe fixed.
-0.2 -0.1 0 0.1 0.2
ω [eV]
0
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Figure 1: (Color online) Electron-band QP damping Γe(ω) for var-
ious T for the intermediate doping. Horizontal line represents the
chosen hole damping Γh0 .
Let us start with the case, representing presumably the
anomalous intermediate doping. For actual results presented
in Figs. 1 and 2 we choose fixed concentrations xe =
0.2, xh = 0.08 while the remaining parameters are: g0 = 1.6,
T ∗ = 0, and Γh0 = 0.07 eV. In Fig. 1 we first present
the variation of Γe(ω) around ω ∼ 0 for various T . Since
T ∗ = 0 the general behavior is of the MFL-type, i.e. roughly
Γe ∝ max(|ω|, T ).21 But as well important is a pronounced
asymmetry with respect to ω = 0 which emerges from low
xh ≪ 1 and from the strong scattering on ω-dependent N h.
0 250 500
0
1
2
3
ρ/
ρ 0
T [K]
0
0.5
1
-
S/
S 0
←
→
Figure 2: (Color online) The resistivity ρ(T )/ρ0 (ful line, left scale)
and the thermopower S(T )/S0 (dashed line, right scale) for the in-
termediate electron-doped IP.
The corresponding ρ(T )/ρ0 and S(T )/S0 are presented in
Fig. 2. Note that within a 2D layer ρ0 = ~/e20 = 41.5 kΩ.
For actual BaFeCoAs materials with the interlayer distance
c0 ∼ 1.3 nm this corresponds to ρ˜0 = c0ρ0 ∼ 0.5 mΩcm.
As a consequence of the MFL-type Γe(ω) also ρ(T ) displays
a linear variation for lower T < 300 K with a tendency to a
saturation at higher T . Even more anomalous is S(T ) reach-
ing a minimum at low T ∼ 150 K with anomalously large (for
a metal) value S ∼ −0.5s0. The decrease in |S| at higher T
results mainly from the compensation effect between e-band
and h-band contributions.
The effect of a nonzero FL temperature T ∗ in Eq.(7), is
presented in Fig. 3. At T ∗ = 0 the MFL-type variation is
evident in the linear resistivity ρ ∝ T in Fig 3a. Finite T ∗ > 0
induces more normal FL-type variation ρ ∝ T 2 for T < T ∗.
At the same time also the S(T ) changes gradually from an
anomalously large and non-monotonous variation at T ∗ = 0
into more normal FL-type S ∝ T for large T ∗ = 1000 K. The
Hall constant rH(T ) = RH(T )/R0H (whereR0H = V0/e2, V0
being the volume of the unit cell) is less sensitive on the non-
FL behavior. Still it shows pronouncedT variation for T ∗ = 0
emerging from a nontrivial electron/hole compensation and
linear ρe(T ) ∝ T . Finally, at large T ∗ one sees in Fig. 3c
rather constant rH(T ) ∝ −1/xe as appropriate for a normal
metal.
As last, we discuss the variation with the electron doping
δne. We assume as the parent system the semimetal with fi-
nite x0e = x0h = 0.15. The effect of doping leads then to an
increase in xe where we take for simplicity xe = x0e + δne/2
and accordingly xh = xe − δne. Since our treatment with a
constant Γh0 and without the possibility of an AFM ordering is
not adapted for an undoped system, we consider here only a
limited range δne = 0.1− 0.2. The change in ρ(T ) in Fig. 4a
is quite dramatic at δne = 0.2. This is a direct consequence
of nearly vanishing xh ∼ 0 where the interband scattering
becomes ineffective at low ω. Such a situation in real IPs cor-
responds to the well overdoped case. Clearly, our simplified
analysis becomes insufficient beyond this point. Also S(T )
shows a similar trend, since at highest doping it becomes en-
tirely FL-like with S = αT with a modest α.
Finally, let us turn to the comparison of our results with
50
1
2
3
T*=0 K
300 K
500 K
1000 K
-0.4
-0.2
0 250 500
T [K]
-30
-20
-10
ρ/ρ0
S/S0
RH/RH
0
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(b)
(c)
Figure 3: (Color online) a) Resistivity ρ(T )/ρ0, b) thermopower
S(T )/S0, and c) the Hall constant RH(T )/R0H for different Fermi-
liquid temperatures T ∗ and fixed concentrations xe = 0.2, xh =
0.08.
the experimental data on electron-doped IPs. Due to the phe-
nomenological character of our theory as well as different IP
material classes with quite different properties only a semi-
quantitative comparison makes sense. Our central goal is to
reproduce quite systematic variation of transport properties
with doping, from low electron doping over the intermediate
regime (optimal doping with highest Tc) to the overdoped one
where SC disappears and IPs become rather normal FL-type
metals. In our approach the doping dependence enters pri-
marily through the electron/hole concentration difference δne.
But as well, it is plausible that also the spin-fluctuation spectra
χ˜′′(ω) change, being strong and anomalous at low doping, and
on the other hand at intermediate doping weaker and more FL-
type in the low-ω regime. Within our analysis we can partly
simulate the latter development with increasing T ∗.
In the most challenging intermediate-doping regime our
transport results match reasonably recent experiments on
single-crystals of the Co-doped BaFe2As2 compound. Note
that BaFeCoAs with x = 0.1 at T = 300 K typically re-
veal ρ ∼ 0.3 mΩcm with a rather T -linear variation and cor-
responding slope dρ/dT ∼ 0.5 µΩcm/K.16–18 As shown in
Fig. 2a the value (note that ρ˜0 = 0.5 mΩcm) and the slope
0
1
2
3
δn
e
=0.1
0.125
0.15
0.20
-1
-0.5
0 250 500
T [K]
-30
-20
-10
ρ/ρ0
S/S0
RH/RH
0
(a)
(c)
(b)
Figure 4: (Color online) a) Resistivity ρ(T )/ρ0, b) thermopower
S(T )/S0, and c) the Hall constant RH(T )/R0H for T ∗ = 0 and var-
ious electron doping δne with respect to the parent x0e = x0h = 0.15
case.
are reproduced within a factor of 3 − 4. While the magni-
tude of ρ is mostly governed by the spin-fermion coupling g0
and can be fitted to experiments accordingly, it is essential
that our analysis also reproduces the anomalous variation of
S(T ). Recent data on BaFeCoAs at x ∼ 0.15 reveal an abrupt
increase in electron-like thermopower with a maximum value
|S| ∼ 0.6s0 at T = T0 ∼ 100 K.18 For T > T0 |S| is decreas-
ing in value. Both these features as well as values are well
reproduced in Fig. 2b.
With increasing Co-doping in BaFeCoAs, x > 0.1, the re-
sistivity behavior becomes closer to ρ(T ) ∝ T 2 not so much
reduced in value at T ∼ 300 K.16,17 In our analysis this corre-
sponds to a change obtained by increasing the FL temperature
T ∗ > 0 with a simultaneous increase in δne as presented in
Figs. 3a and 4a. Even more pronounced change in character is
in S(T ) (Ref. 18) since it reduces in value, loses the minimum
and becomes FL-like, i.e., S = αT . Such a development is
well visible in Figs. 3b and 4b since both increasing T ∗ > 0
and δne lead to a crossover to a normal FL with a moderate
slope α.
Experiments on the Hall constant reveal an electron-like
RH < 0 with a pronounced T dependence17,18 which reduces
6in the overdoped regime where at the same time it becomes
consistent with the quasiclassical picture RH/R0H ∼ −1/xe.
Our results in Figs. 3c and 4c show that both T ∗ > 0 as well
as δne > 0 lead to a constant FL-like RH . The particular
value at T → 0 from our analysis is less reliable. While at
weak coupling we recover the expected RH/R0H ∼ −1/xe
(for ρe ≪ ρh) the value can deviate for larger coupling since
the approximations do not satisfy the Luttinger-volume sum
rule. Note, however, that also the basic approximation Eq.(12)
is not well understood yet.30,32
Qualitatively similar results for transport quantities have
been previously obtained for polycrystalline samples of the
electron-doped LFAO family12, discussed previously within
the same phenomenological framework.21 While our present
data with assumed parameters would quite well match the
measured S(T ),10 reported ρ(T ) as well as the slope dρ/dT
(Ref. 12) are higher than in BaFeCoAs by a factor ∼ 5. It
seems indicative that also recent single-crystal data15 do not
reduce these values. From our present analysis this would re-
quire larger g0 ≫ 1 which could open the question of entering
the (too) strong coupling regime.
VI. DISCUSSION
In conclusion, let us first put the present theoretical ap-
proach and its possible extensions in the perspective of related
theoretical approaches, in particular those treating the QP,
magnetic, and transport quantities in IPs. In contrast to many
attempts to start with a more complete microscopic model,22
our approach is restricted to the simplest prototype two-band
model coupled via spin fluctuations. These are taken as a phe-
nomenological input of the marginal FL type whose deviation
from the normal FL behavior is controlled by the crossover
temperature T ∗. Our analysis clearly indicates that the cou-
pling appears not to be weak [at least as deduced from ob-
served ρ(T )] and that spin fluctuations are quite strong in
the low-ω regime as evidenced by INS experiments.5 It is
therefore expected that our analysis can go beyond the weak-
coupling approximation, being the basis, e.g., for a random-
phase-approximation-type treatment of many-orbital models.
The latter has been tested so far mostly on reproducing the
proper band structure and on a qualitative description of rele-
vant normal-state instabilities, in particular the most challeng-
ing SC onset. Evidently, our approach goes beyond the simple
nesting scenario of the QP damping as well as of the SC pair-
ing since in the latter wave vector (k,q) dependences would
play an essential role.
Interpreting our results for anomalous transport properties
of IPs, we argue that they emerge as the interplay of several
ingredients. First of all, observed ρ(T ) requires large inter-
band coupling since the transport becomes quite normal and
modest when the electron doping depletes the hole band, i.e.
on approaching xh ∼ 0. The magnetic origin of the coupling
is quite natural since it is intimately connected to the AFM
(SDW) instability in the parent material and leads to an anal-
ogy with the physics of SC cuprates.
Highly nontrivial S(T ) in our analysis can be mostly re-
lated to two effects: a) asymmetric variation of the QP damp-
ing Γe(ω) being the consequence of asymmetric DOS N h(ω)
due to the closeness of the top of the hole band, and b) small
ǫ0e which plays a role of the electron Fermi energy entering
directly the expected FL behavior S ∼ π2T/3ǫ0e.
There are still several open questions even within the pre-
sented framework. Generally, stronger interband coupling
leads to strong damping of minority QP which requires the
treatment beyond the weak coupling. The same obstacle arises
in the treatment of the parent and a weakly doped semimetal,
where also experiments indicate very incoherent transport
above T > Tc. Also, a comparison with experimental re-
sults for particular compounds could lead to refined models to
reach a closer quantitative agreement.
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